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SOCIAL ANALYTICS BASED ON VIRAL
MENTIONS AND THREADING

TECHNICAL FIELD

The present application relates generally to systems,
methods, and computer program products for generating an
enhanced user interface for displaying social analytics based
on viral mentions and threading to conserve storage space
and 1mprove efliciency in processing large amounts of data.

BACKGROUND

Companies that provide content or services online may
sometimes analyze how popular the provided online content
1s with online users. Generally, the popularity of the online
content 1s measured based on user engagement with the
online content. The user engagement may include indicators
that the online users like the online content, share the online
content with other users, write online comments associated
with the online content, etc. Commonly, the more likes,
shares, or comments are associated with an online content
item, the more popular the online content item 1s considered
to be.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments are 1llustrated by way of example and
not limitation 1n the figures of the accompanying drawings,
in which:

FIG. 1A 1s a diagram 1illustrating an enhanced user inter-
tace for displaying social analytics based on viral mentions
and threading, according to some example embodiments;

FIG. 1B 1s a diagram 1illustrating an enhanced user inter-
tace for displaying social analytics based on viral mentions
and threading, according to some example embodiments;

FIG. 1C 1s a network diagram illustrating a client-server
system, according to some example embodiments;

FIG. 2 1s a block diagram illustrating components of a
viral analytics system, according to some example embodi-
ments;

FIG. 3 1s a tflowchart illustrating a method for generating,
an enhanced user interface for displaying social analytics
based on viral mentions and threading, according to some
example embodiments;

FIG. 4 1s a flowchart illustrating a method for generating
an enhanced user interface for displaying social analytics
based on viral mentions and threading, and representing step
306 of the method illustrated 1n FIG. 3 1n more detail,
according to some example embodiments;

FIG. 5 1s a flowchart illustrating a method for generating
an enhanced user interface for displaying social analytics
based on viral mentions and threading, and representing
additional steps of the method 1llustrated 1n FIG. 4, accord-
ing to some example embodiments;

FIG. 6 1s a tlowchart illustrating a method for generating,
an enhanced user interface for displaying social analytics
based on viral mentions and threading, and representing
additional steps of the method 1illustrated 1n FIG. 3, and step
312 of the method illustrated in FIG. 3 1n more detail,
according to some example embodiments;

FI1G. 7 1s a flowchart illustrating a method for generating
an enhanced user interface for displaying social analytics
based on viral mentions and threading, and representing,
additional steps of the method 1illustrated 1n FIG. 3, and step
312 of the method illustrated 1n FIG. 3 1n more detail,
according to some example embodiments;
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FIG. 8 A 1s a flowchart illustrating a method for generating,
an enhanced user interface for displaying social analytics

based on viral mentions and threading, and representing an
additional step of the method illustrated 1n FIG. 3, according
to some example embodiments;

FIG. 8B 1s a diagram illustrating a graph which shows a
cube topic 1n layered structure, according to some example
embodiments; and

FIG. 9 1s a block diagram illustrating components of a
machine, according to some example embodiments, able to
read instructions from a machine-readable medium and
perform any one or more of the methodologies discussed
herein.

DETAILED DESCRIPTION

Example methods and systems {for generating an
enhanced user interface for displaying social analytics based
on viral mentions and threading, are described. In the
following description, for purposes of explanation, numer-
ous specific details are set forth to provide a thorough
understanding of example embodiments. It will be evident to
one skilled 1in the art, however, that the present subject
matter may be practiced without these specific details.
Furthermore, unless explicitly stated otherwise, components
and functions are optional and may be combined or subdi-
vided, and operations may vary 1n sequence or be combined
or subdivided.

Companies that provide content or services online may
sometimes analyze how popular the provided online content
1s with online users. Generally, the popularity of the online
content 1s measured based on user engagement with the
online content. The user engagement may include indicators
that the online users like the online content, share the online
content with other users, write online comments associated
with the online content, etc. Commonly, the more likes,
shares, or comments are associated with an online content
item, the more popular the online content 1tem 1s considered
to be.

Often, with certain sources of social media, such as
Twitter, there are numerous similar items of content (e.g.,
messages, tweets, etc.) regarding a particular topic. An
author may generate an original message, and other users
may generate a social media signal pertaining to (e.g., a
re-tweet of) the original message or of a slightly modified
original message. In some 1nstances, the original message 1s
modified by an emoticon, remarks, additional content, etc. A
computer system that manages or utilizes such original
messages and viral signals related to the original message
may require great amounts of storage space, and with time
may become ineflicient in processing the great amounts of
data related to various digital content items. Additionally, 1n
the example above, a user viewing the original tweet and the
numerous re-tweets of the original message does not have
the best user experience because the user may have to look
at large numbers of very similar content, which may be very
time consuming.

It may be beneficial to have an enhanced computer system
(e.g., a viral analytics system) that identifies various digital
content 1tems (e.g., tweets, comments, articles, feedback,
etc.) that discuss or pertain to the same topic, categorize
them 1n a category represented by a unique topic, identifies
topics of interest to a community (e.g., a group, a population,
a company, etc.), and take various further actions based on
the 1dentified topics of interest to the communaity.

In some example embodiments, a viral analytics system
(heremaftter also “system™) ingests and integrates unstruc-
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tured data from multiple social media channels (e.g., Face-
book, Twitter, LinkedIn, blogs, news articles, etc.), analyzes
the data to 1dentity similar digital content 1tems, and iden-
tifies levels of virality associated with various digital content
items. Virality 1s the tendency of an 1mage, video, or piece
of information to be circulated rapidly and widely from one
Internet user to another. The viral analytics system may, 1n
some example embodiments, 1dentily similar content using
natural language processing techniques. In some example
embodiments, natural language processing techniques such
as vector space model, and cosine similarity or edit distance
can be used to measure the similarity of two pieces of text
where each piece of text 1s represented by the vector space
model and the similarity can be measured by cosine simi-
larity (Euclidean distance) or edit distance. If the similarity
1s over a preset threshold value, these two pieces of text are
deemed to be sharing the same topic. Another approach 1s to
identify the topics of each piece of text using topic modeling
techniques such as Term Frequency-Inverse Document Fre-
quency (TF-IDF) or Latent Dirichlet Allocation (LDA) and
then measure the overlapping between topics for two pieces
of text.

In some instances, viral analytics system groups (e.g.,
consolidates, categorizes, etc.) items of digital content,
identifies the original item of digital content 1n the group of
items of digital content, and generates a viral strength value
associated with the original content item. The viral strength
value (heremafter also “strength value™) may represent a
viral mention number (e.g., the number of threads that
started after the original message was posted, and are talking
about the same topic, the number of times the item of digital
content was mentioned 1n the same or other sources of
content).

In certain example embodiments, the items of digital
content in a group come from the same source of data (e.g.,
Twitter). In some example embodiments, the items of digital
content 1n a group come from various sources of data (e.g.,
a plurality of social media channels, a combination of
various social media channels and internal data of a com-
pany, efc.).

In some example embodiments, the viral analytics system,
based on the strength values associated with various original
items ol content, generates an enhanced user interface for
displaying social analytics based on viral mentions and
threading. In some 1nstances, the improved user interface
takes the form of a dashboard that provides functionality for
visualizing virality trends associated with certain items of
digital content, for customizing reports describing the viral-
ity of certain virality trends, for customizing search queries
to surface popular topics, etc. In some 1nstances, a third-
party computer system 1s improved based on accessing
various above-mentioned data at the viral analytics system
via an API, and implementing a third-party application that
utilized the various above-mentioned data.

In some example embodiments, the viral analytics system
1s 1improved based on implementing functionality for pre-
dicting that some digital content items will become viral. For
instance, the viral analytics system may aggregate an origi-
nal digital content item and various viral messages or signals
(e.g., re-tweets, other items of digital content sharing the
same topic as the original message, etc.) related to the
original digital content 1item based on certain period of time,
and may generate a histogram to show the increasing
number of viral messages or signals (e.g., the development
of the virality of the original message) related to a topic. If
a particular increase (e.g., a large increase) in the viral
messages or signals 1s identified over a certain period of
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4

time, a topic may be predicted to become viral. In some
instances, 1 the viral analytics system considers the number
of the viral messages over a smaller period of time (e.g., an
hour, a day, etc.), compares the number of the viral messages
over a greater period of time (e.g., a day, a week, etc.), and
detects that the change 1s becoming more intense (e.g., there
are more mentions associated with a topic), then that 1s a
very strong signal that an item of content 1s going to trend
up in the next day or the next several days.

In some example embodiments, the viral analytics system
accesses, from a database record that stores digital content,
a plurality of 1tems of digital content. The viral analytics
system extracts, for each particular item of digital content 1n
the plurality of the items of digital content, a title that
describes the particular item of digital content. The extract-
ing of the title 1s based on analysis of one or more phrases
included in the particular item of digital content. The viral
analytics system generates a group of items of digital
content based on the extracted titles associated with the
plurality of items of digital content. The result of generating
the group of 1tems based on the extracted titles associated
with the plurality of items of digital content 1s a group of
similar 1tems that share the same title.

Each item 1n the group of items of digital content 1s
associated with a timestamp that indicates (e.g., represents,
describes, etc.) the time the item of digital content was
posted online. The viral analytics system identifies, from the
group ol items of digital content, an original 1tem of digital
content and one or more subsequent items of digital content
based on the timestamps associated with the items of digital
content included in the group.

The viral analytics system determines a strength value
associated with the original item of digital content. In certain
instances, the determining of the strength value associated
with the original item of digital content 1s based on the
number of the one or more subsequent items of digital
content included in the group.

The viral analytics system generates and causes the dis-
play of an enhanced user interface on a client device. The
generating of the user iterface includes causing a display of
the title and the strength value associated with the original
item of digital content in the user interface of the client
device.

FIG. 1A 1s a diagram 1illustrating an enhanced user inter-
face for displaying social analytics based on viral mentions
and threading, according to some example embodiments.
The viral analytics system generates and causes the display
of an enhanced user interface (hereinafter, also “user inter-
tace,” “UL” “dashboard,” etc.) 100 on a client device. As
shown 1n FIG. 1A, the user interface 100 includes one or
more Ul elements for receiving selections (e.g., by a user of
the user interface 100) with respect to various attributes that
characterize (e.g., are associated with) the data (e.g., a
plurality of items of digital content, heremnafter also “viral
content data”) utilized by the viral analytics system to
analyze the virality of digital content. The viral analytics
system accesses the plurality of items of digital content from
a record of a database that stores digital content. Example of
the various attributes associated with the items of digital
content are an identifier of the author of the digital content
item, a source that published the digital content item, a time
of publication of the digital content item at the source, a
geographic region associated with the author or the source,
a language of publication of the digital content 1tem, etc.

As shown 1n FIG. 1A, the Ul element 101 specifies one or
more options of sources of digital content items (e.g., “all
sources,”” such as internal data and online data, or “social
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sources,” such as Facebook. Twitter, LinkedIn, etc.). In
some example embodiments, a user of the user interface
100, by selecting a source option provided by the Ul element
101, requests that the viral analytics system only analyze
digital content items accessed from the particular selected
source.

The Ul element 102 specifies one or more times (or time
frames) for which the viral analytics system can analyze
viral content data. Examples of the one or more times (or
time frames) are the current time, one day, one week, one
month, three months, one vyear, etc. In some example
embodiments, a user of the user interface 100, by selecting
a source option provided by the Ul element 102, requests
that the viral analytics system only analyze digital content
items posted during the particular selected time or time
frame.

The Ul element 103 1s an 1nput field that allows a user of
the user intertace 100 to specily one or more keywords to be
used by the viral analytics system to 1dentify viral content
data that matches the specified one or more keywords. For
example, a user of the user interface 100 enters the keywords
“LinkedIn” and “mentor” in the mput field, and selects Ul
clement 104 to submit the keywords to a back-end module
of the viral analytics system, and to indicate that the user
requests that the viral analytics system perform an analysis
of the viral content data that includes these keywords. In
some example embodiments, typeahead features may be
used 1n association with the Ul element 103 to facilitate the
input of keywords by the user.

The Ul element 105 allows the user to clear all the
previously selected options or provided keywords. The Ul
clement 108 allows the user to request a clearing of the
analytics displayed in the user interface 100.

In the above example, the viral analytics system access a
record ol a database that stores digital content items, 1den-
tifies digital content items that include the specified key-
words “LinkedIn” and “mentor,” and extracts, for each
particular item of digital content 1n the plurality of the 1items
of digital content, a title that describes the particular 1item of
digital content. As shown 1n FIG. 1A, the title element 106
displays the title “LinkedIn matches you with a mentor.”
This title includes the keywords specified by the user 1n the
Ul element 103. The extracting of the title 1s based on
analysis of one or more phrases included 1n the particular
item of digital content, and matching the user-provided
keywords with the one or more phrases included 1n the
particular 1tem of digital content.

Then, the viral analytics system generates a group of
items of digital content based on the extracted titles asso-
ciated with the plurality of items of digital content. Each
item 1n the group of items of digital content 1s associated
with a timestamp that indicates the time the 1tem of digital
content was posted online, and with an indicator of the
source that published the particular item of digital content.
The viral analytics system may generate and present in the
user mterface 100 various analytics pertaining to the group
of 1tems of digital content associated with a particular ftitle.
As shown 1n FIG. 1A, area 109 of the user interface 100
displays a graph report that describes the virality of the
digital content 1tems with the title “LinkedIn matches you
with a mentor.” FIG. 1A 1illustrates that, on Nov. 18, 2017,
an original item of digital content that includes the keywords
“LinkedIn” and “mentor” began trending on social media
channels. FIG. 1A also illustrates the virality trends (e.g.,
how the populanity of the original message or topic devel-
oped or waned) for the original 1tem and/or topic based on
various social media sources, such as Twitter, LinkedIn, and
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Facebook. FIG. 1A also indicates the number of subsequent
digital content 1tems (e.g., re-tweets, etc.) mncluded 1n the
group of digital content items, as segmented by social media
source. The aggregate number of subsequent digital content
items included i the group of digital content items may
serve as basis for determining, by the viral analytics system,
a strength value associated with the original item of digital
content. The strength value 1s another type of analytics that
may be presented 1in the user interface 100 1n association
with the title 106 (or with the original 1item of digital content)
to indicate the popularity of a certain topic with a commu-
nity or a population.

FIG. 1B 1s a diagram 1llustrating an enhanced user inter-
tace for displaying social analytics based on viral mentions
and threading, according to some example embodiments. As
shown 1n FI1G. 1B, the user interface 100 displays, in Ul area
109, a list of identifiers of (e.g., titles associated with)
original content 1items that include the keywords 107 “Linke-
dln” and “mentor.” Fach identifier of an original content
item 1s displayed 1n association with a strength value per-
taining to that original content item. As illustrated in FIG.
1B, the strength value may be represented by the number of
viral mentions (e.g., re-tweets, etc.) of the original content
item.

In some example embodiments, each identifier of an
original content 1tem 1s displayed in association with
enriched source data that pertains to the author or the source
of the item of digital content. In the context of the author or
the source being a member of a social networking service,
such as LinkedIn, the enriched source data may include
various information pertaining to profile data associated
with the author or the source, member activity and behavior
data associated with the author or the source, or social graph
data associated with the author or the source. The enriched
source data, in some instances, includes sentiment analysis
data pertaining to the content.

Also shown 1n area 109 of the user iterface 100 1s the
number of mentions found 113 (e.g., items of digital content)
that are associated with the ftitle 106 (e.g., “LinkedIn
matches you with a mentor”). The drop-down Ul element
114 allows a user to request the viral analytics system to sort
the list of i1dentifiers of original content items based on
various factors, such as a relevance of the original content
items to the title 106 or the keywords 107, the strength
values (e.g., the viral mentions numbers) of the original
content 1items, a source 1dentifier, a date of publication of the
original content item, a type of source (e.g., social media
channels, news media, blog, data internal to a company,
etc.), a particular source, a geographic area, a number of
followers, a sentiment associated with the content, or other
enriched source data associated with the author or the
source.

The viral analytics system 1s further enhanced by func-
tionality for receiving a selection of (e.g., a click on) a
particular strength value (e.g., *7 viral mentions™) associated
with a particular original 1item of content (e.g., “LinkedIn’s
career advice 1s ready to find you a mentor’), identiiying the
subsequent 1tems of content included 1n a thread associated
with the particular original item, and causing a display of a
list of seven identifiers of the seven subsequent items of
digital content (e.g., 7 viral mentions™). In some 1nstances,
an 1dentifier of a subsequent 1tem of digital content i1s a
compressed mention, a sentence, or a phrase that can be
expanded, at the request of a user (e.g., by clicking a “see
more” Ul element of user interface 100), to display a larger
part or the entirety of the subsequent item of digital content.
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In various instances, the viral analytics system 1s further
enhanced by functionality for selecting only one (e.g., the
first in time) of a number of duplicate items of digital content
associated with a particular subsequent author (e.g., an
author of a viral mention) and with the particular topic or
title before including the one of a number of duplicate 1tems
of digital content 1n list of viral mentions to be displayed 1n
the user mterface 100.

In some instances, the viral analytics system 1s further
enhanced by functionality for determiming the sentiment of
cach digital content item in a group, for classiiying the
digital content item based on their associated sentiments
(c.g., as positive, neutral, or negative), and for causing a
display of a representation (e.g., visual, graphical, or textual
representation.) of the sentiment associated with a respective
digital content 1tem 1n the user interface, in association with
a reference to (e.g., an identifier of) the respective digital
content 1tem.

An example method and system for generating an
enhanced user interface for displaying social analytics based
on viral mentions and threading may be implemented in the
context of the client-server system illustrated in FIG. 1C. As
illustrated 1n FIG. 1C, the viral analytics system 200 1s part
of the social networking system 120. As shown 1n FIG. 1C,
the social networking system 120 1s generally based on a
three-tiered architecture, consisting of a front-end layer,
application logic layer, and data layer. As 1s understood by
skilled artisans 1n the relevant computer and Internet-related
arts, each module or engine shown 1n FIG. 1C represents a
set of executable software instructions and the correspond-
ing hardware (e.g., memory and processor) for executing the
instructions. To avoid obscuring the mventive subject matter
with unnecessary detail, various functional modules and
engines that are not germane to conveying an understanding
of the inventive subject matter have been omitted from FIG.
1C. However, a skilled artisan will readily recognize that
various additional functional modules and engines may be
used with a social networking system, such as that illustrated
in FIG. 1C, to facilitate additional functionality that i1s not
specifically described herein. Furthermore, the various func-
tional modules and engines depicted in FIG. 1C may reside
on a single server computer, or may be distributed across
several server computers 1n various arrangements. More-
over, although depicted 1n FIG. 1C as a three-tiered archi-
tecture, the mventive subject matter 1s by no means limited
to such architecture.

As shown 1n FIG. 1C, the front end layer consists of a user
interface module(s) (e.g., a web server) 122, which recerves
requests from various client-computing devices including
one or more client device(s) 150, and communicates appro-
priate responses to the requesting device. For example, the
user interface module(s) 122 may receive requests 1n the
form of Hypertext Transport Protocol (HTTP) requests, or
other web-based, application programming interface (API)
requests. The client device(s) 150 may be executing con-
ventional web browser applications and/or applications (also
referred to as “apps”) that have been developed for a specific
platform to include any of a wide variety of mobile com-
puting devices and mobile-specific operating systems (e.g.,
10S™  Android™, Windows® Phone).

For example, client device(s) 150 may be executing client
application(s) 152. The client application(s) 152 may pro-
vide functionality to present information to the user and
communicate via the network 142 to exchange information
with the social networking system 120. Each of the client
devices 150 may comprise a computing device that includes
at least a display and communication capabilities with the
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network 142 to access the social networking system 120.
The client devices 150 may comprise, but are not limited to,
remote devices, work stations, computers, general purpose
computers, Internet appliances, hand-held devices, wireless
devices, portable devices, wearable computers, cellular or
mobile phones, personal digital assistants (PDAs), smart
phones, smart watches, tablets, ultrabooks, netbooks, lap-
tops, desktops, multi-processor systems, miCroprocessor-
based or programmable consumer electronics, game con-
soles, set-top boxes, network PCs, mimi-computers, and the
like. One or more users 160 may be a person, a machine, or
other means of interacting with the client device(s) 150. The
user(s) 160 may interact with the social networking system
120 via the client device(s) 150. The user(s) 160 may not be
part of the networked environment, but may be associated
with client device(s) 150.

As shown 1n FIG. 1C, the data layer includes several
databases, including a database 128 for storing data for
various entities of a social graph. In some example embodi-
ments, a “social graph” 1s a mechanism used by an online
social networking service (e.g., provided by the social
networking system 120) for defining and memonalizing, in
a digital format, relationships between different entities
(e.g., people, employers, educational nstitutions, organiza-
tions, groups, etc.). Frequently, a social graph 1s a digital
representation of real-world relationships. Social graphs
may be digital representations of online communities to
which a user belongs, often including the members of such
communities (e.g., a family, a group of friends, alums of a
umversity, employees of a company, members of a profes-
sional association, etc.). The data for various entities of the
social graph may include member profiles, company pro-
files, educational 1nstitution profiles, as well as information
concerning various online or offline groups. Of course, with
various alternative embodiments, any number of other enti-
ties may be included 1n the social graph, and as such, various
other databases may be used to store data corresponding to
other entities.

Consistent with some embodiments, when a person 1ni-
tially registers to become a member of the social networking,
service, the person 1s prompted to provide some personal
information, such as the person’s name, age (e.g., birth
date), gender, interests, contact information, home town,
address, the names of the member’s spouse and/or family
members, educational background (e.g., schools, majors,
etc.), current job title, job description, industry, employment
history, skills, professional organizations, interests, and so
on. This information 1s stored, for example, as profile data 1n
the database 128.

Once registered, a member may 1nvite other members, or
be mvited by other members, to connect via the social
networking service. A “connection” may specily a bi-lateral
agreement by the members, such that both members
acknowledge the establishment of the connection. Similarly,
with some embodiments, a member may elect to “follow™
another member. In contrast to establishing a connection, the
concept of “following” another member typically 1s a uni-
lateral operation, and at least with some embodiments, does
not require acknowledgement or approval by the member
that 1s being followed. When one member connects with or
follows another member, the member who 1s connected to or
following the other member may receive messages or
updates (e.g., content items) in his or her personalized
content stream about various activities undertaken by the
other member. More specifically, the messages or updates
presented in the content stream may be authored and/or
published or shared by the other member, or may be auto-
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matically generated based on some activity or event involv-
ing the other member. In addition to following another
member, a member may elect to follow a company, a topic,
a conversation, a web page, or some other entity or object,
which may or may not be included in the social graph
maintained by the social networking system. With some
embodiments, because the content selection algorithm
selects content relating to or associated with the particular
entities that a member 1s connected with or 1s following, as
a member connects with and/or follows other entities, the
universe ol available content 1tems for presentation to the
member 1n his or her content stream increases. As members
interact with various applications, content, and user inter-
faces of the social networking system 120, information
relating to the member’s activity and behavior may be stored
in a database, such as the database 132. An example of such
activity and behavior data 1s the identifier of an online ad
consumption event associated with the member (e.g., an
online ad viewed by the member), the date and time when
the online ad event took place, an 1dentifier of the creative
associated with the online ad consumption event, a cam-
paign 1dentifier of an ad campaign associated with the
identifier of the creative, etc.

The social networking system 120 may provide a broad
range of other applications and services that allow members
the opportunity to share and receive information, often
customized to the interests of the member. For example,
with some embodiments, the social networking system 120
may include a photo sharing application that allows mem-
bers to upload and share photos with other members. With
some embodiments, members of the social networking sys-
tem 120 may be able to self-orgamize into groups, or interest
groups, organized around a subject matter or topic of inter-
est. With some embodiments, members may subscribe to or
join groups afhiliated with one or more companies. For
instance, with some embodiments, members of the SNS may
indicate an afliliation with a company at which they are
employed, such that news and events pertaining to the
company are automatically commumnicated to the members
in their personalized activity or content streams. With some
embodiments, members may be allowed to subscribe to
receive mformation concerning companies other than the
company with which they are employed. Membership 1n a
group, a subscription or following relationship with a com-
pany or group, as well as an employment relationship with
a company, are all examples of different types of relation-
ships that may exist between different entities, as defined by
the social graph and modeled with social graph data of the
database 130. In some example embodiments, members may
receive digital communications (e.g., advertising, news,
status updates, etc.) targeted to them based on various
tactors (e.g., member profile data, social graph data, member
activity or behavior data, etc.)

The application logic layer includes various application
server module(s) 124, which, 1n conjunction with the user
interface module(s) 122, generates various user interfaces
with data retrieved from various data sources or data ser-
vices 1n the data layer. With some embodiments, individual
application server modules 124 are used to implement the
functionality associated with various applications, services,
and features of the social networking system 120. For
example, an ad serving engine showing ads to users may be
implemented with one or more application server modules
124. According to another example, a messaging applica-
tion, such as an email application, an instant messaging,
application, or some hybrid or variation of the two, may be
implemented with one or more application server modules
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124. A photo sharing application may be implemented with
one or more application server modules 124. Similarly, a
search engine enabling users to search for and browse
member proflles may be implemented with one or more
application server modules 124. Of course, other applica-
tions and services may be separately embodied in their own
application server modules 124. As illustrated i FIG. 1C,
social networking system 120 may include the viral analyt-
ics system 200, which 1s described 1n more detail below.

Further, as shown 1n FIG. 1C, a data processing module
134 may be used with a variety of applications, services, and
features of the social networking system 120. The data
processing module 134 may periodically access one or more
of the databases 128, 130, 132, 136, or 138, process (e.g.,
execute batch process jobs to analyze or mine) profile data,
social graph data, member activity and behavior data, digital
content 1items and metadata, or enriched source data, and
generate analysis results based on the analysis of the respec-
tive data. The data processing module 134 may operate
offline. According to some example embodiments, the data
processing module 134 operates as part of the social net-
working system 120. Consistent with other example
embodiments, the data processing module 134 operates 1n a
separate system external to the social networking system
120. In some example embodiments, the data processing
module 134 may include multiple servers, such as Hadoop
servers for processing large data sets. The data processing
module 134 may process data in real time, according to a
schedule, automatically, or on demand.

Additionally, a third party application(s) 148, executing
on a third party server(s) 146, 1s shown as being commu-
nicatively coupled to the social networking system 120 and
the client device(s) 150. The third party server(s) 146 may
support one or more features or functions on a website
hosted by the third party.

FIG. 2 15 a block diagram 1llustrating components of the
viral analytics system 200, according to some example
embodiments. As shown 1n FIG. 2, the viral analytics system
200 1ncludes an accessing module 202, an analysis module
204, a group generating module 206, a presentation module
208, and a tagging module 210, all configured to commu-
nicate with each other (e.g., via a bus, shared memory, or a
switch).

According to some example embodiments, the accessing
module 202 accesses, from a database record that stores
digital content, a plurality of items of digital content.

The analysis module 204, for each particular item of
digital content the plurality of the items of digital content,
extracts a title that describes the particular item of digital
content. The extracting of the title 1s based on analysis of one
or more phrases (e.g., the first sentence, one or more
keywords, etc.) included i the particular item of digital

content.

For example, both of the following tweets generate the
title “S Reasons Why You Should Create a LinkedIn
Account.”

Tweet Examples:

Tweet 1:

5> Reasons Why You Should Create a LinkedIn Account
http://ow.ly/gZn130aSFkR #jobseekers #careers

Tweet 2:

5 Reasons Why You Should Create a LinkedIn Account
http://ow.ly/bOGX30aSFKT #job seckers #careers

In some example embodiments, the analysis module 204
extracts a topic that describes one or more 1tems of digital




US 11,238,087 B2

11

content of the plurality of 1tems of digital content based on
analysis of the one or more 1tems of digital content using a
cube topic technique.

The group generating module 206 generates a group of
items of digital content based on the extracted titles asso-
ciated with the plurality of 1items of digital content. In some
example embodiments, the generating of the group of 1tems
of digital content includes generating a thread of items of
digital content based on the plurality of 1tems of digital
contents. The thread includes a time-based series of the
items of digital content.

The analysis module 204 also 1dentifies, from the group of
items of digital content, an original 1item of digital content
and one or more subsequent 1items of digital content. The
identifyving of the original item of digital content may be
based on timestamps associated with the items of digital
content 1ncluded 1n the group. The one or more subsequent
items of digital content are viral mentions of the original
item ol digital content.

The analysis module 204 also determines a strength value
associated with the original 1tem of digital content. In some
example embodiments, the determining of the strength value
associated with the original 1tem of digital content 1s based
on a number of the one or more subsequent items of digital
content included in the group.

The presentation module 208 generates an enhanced user
interface on a client device. The generating of the user
interface includes causing a display of the title and the
strength value associated with the original item of digital
content 1n the user interface of the client device.

The tagging module 210 tags the original digital content
item with a first flag 1n the database record, and tags each of
the one or more subsequent i1tems of digital content with a
second flag in the database record. In some example embodi-
ments, the generating of the enhanced user interface on the
client device, by the presentation module 208, includes
identifying, from the database record, one or more 1tems of
digital content tagged with the first flag, and moditying the
enhanced user interface. The modilying includes causing a
display of one or more titles associated with one or more
groups ol items of digital content, and corresponding
strength values associated with one or more original 1items of
digital content included 1n the one or more groups, including
the title that describes the group of items of digital content,
and the strength value associated with the original 1tem of
digital content in the user interface of the client device.

To perform one or more of i1ts functionalities, the viral
analytics system 200 may communicate with one or more
other systems. For example, an integration system may
integrate the viral analytics system 200 with one or more
email server(s), web server(s), one or more databases, or
other servers, systems, or repositories.

Any one or more of the modules described herein may be
implemented using hardware (e.g., one or more processors
of a machine) or a combination of hardware and software.
For example, any module described herein may configure a
hardware processor (e.g., among one or more hardware
processors of a machine) to perform the operations
described herein for that module. In some example embodi-
ments, any one or more of the modules described herein may
comprise one or more hardware processors and may be
configured to perform the operations described herein. In
certain example embodiments, one or more hardware pro-
cessors are configured to include any one or more of the
modules described herein.

Moreover, any two or more of these modules may be
combined 1nto a single module, and the functions described
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herein for a single module may be subdivided among
multiple modules. Furthermore, according to various
example embodiments, modules described herein as being
implemented within a single machine, database, or device
may be distributed across multiple machines, databases, or
devices. The multiple machines, databases, or devices are
communicatively coupled to enable communications
between the multiple machines, databases, or devices. The
modules themselves are communicatively coupled (e.g., via
appropriate interfaces) to each other and to various data
sources, so as to allow information to be passed between the
applications so as to allow the applications to share and

access common data. Furthermore, the modules may access
one or more databases 212 (e.g., database 128, 130, 132,

136, or 138).

FIGS. 3-8 are flowcharts illustrating a method for gener-
ating an enhanced user interface for displaying social ana-
lytics based on viral mentions and threading, according to
some example embodiments. Operations 1n the method 300
illustrated 1n FIG. 3 may be performed using modules
described above with respect to FIG. 2. As shown in FIG. 3,
method 300 may include one or more of method operations
302, 304, 306, 308, 310, and 312, according to some
example embodiments.

At operation 302, the accessing module 202 accesses,
from a database record that stores digital content, a plurality
of items of digital content.

At operation 304, the analysis module 204, for each
particular item of digital content 1n the plurality of the items
of digital content, extracts a title that describes the particular
item of digital content. The extracting of the title 1s based on
analysis of one or more phrases icluded 1n the particular
item of digital content. In some example embodiments, a
plurality of items of digital content are associated with the
same title based on the analysis module 204 determining that
plurality of 1items of digital content have similar content.

At operation 306, the group generating module 206 gen-
erates a group of items of digital content based on the
extracted titles associated with the plurality of items of
digital content.

At operation 308, the analysis module 204 identifies, from
the group of items of digital content, an original item of
digital content and one or more subsequent items of digital
content based on timestamps associated with the items of
digital content included in the group. The one or more
subsequent 1tems ol digital content are viral mentions of the
original item of digital content.

At operation 310, the analysis module 204 determines a
strength value associated with the original item of digital
content. The determining of the strength value associated
with the original item of digital content 1s based on the
number of the one or more subsequent items of digital
content 1ncluded in the group. In some instances, a greater
number of subsequent 1tems of digital content 1n a particular
group ol 1tems of digital content indicates (e.g., represents)
a greater strength value associated with the original item of
digital content in the particular group of items of digital
content.

At operation 312, the presentation module 208 generates
an enhanced user interface on a client device. The generating
of the user interface includes causing a display of the fitle
and the strength value associated with the original 1tem of
digital content in the user interface of the client device.

In some example embodiments, the accessing module 202
receives a query related to the group of items of digital
content from the client device. The analysis module 204
performs a search of the 1items of digital content included in




US 11,238,087 B2

13

the group based on the query. The performing of the search
results 1n search results. The presentation module 208 modi-
fies the enhanced user interface. The moditying includes
causing a display of the search results 1n the user interface
of the client device.

In various example embodiments, the accessing module
202 recerves, from the client device, a sort request to sort the
one or more titles based on the corresponding strength
values associated with the one or more original items of
digital content included in the one or more groups. The
analysis module 204 sorts the one or more titles based on the
corresponding strength values. The sorting of the one or
more titles results 1 a sorted list of titles. The presentation
module 208 modifies the enhanced user interface. The
modifying includes causing a display of the sorted list of
titles and the corresponding strength values associated with
the one or more original 1items of digital content included in
the one or more groups.

In certain example embodiments, the analysis module 204
generates, based on the titles associated with the plurality of
items ol digital content, title identifiers for the plurality of
items of digital content. A title identifier (ID) associated with
a title may be generated based on applying a hash function
(e.g., MD?3J) to the title, or to a combination of the title and
the data from another data field associated with the content.
The title 1dentifier 1s associated with one or more 1tems of
digital content that are associated with the same fitle. For
example, the MDS5 hash 1s applied to the concatenation of
the name of the data source and the title. The usage of name
of data source could be used to facilitate generating a
different title ID for contents from different data sources. If
the name of data source 1s removed, then the title ID could
be generated for content across diflerent data sources. For
example, the tile ID may look like:

{“title_id”: “6¢fd29d9697b4885¢662a246bd5b6d867}.

The generating of the group of items of digital content
based on the titles associated with the plurality of items of
digital content includes generating the group of items of
digital content based on the title 1dentifiers associated with
the plurality of items of digital content. In some 1nstances,
the generating of the group of items of digital content 1s
turther based on at least one of a source 1dentifier of a source
ol one or more 1tems of digital content, or a time 1dentifier
associated with the one or more 1tems of digital content.

In some example embodiments, the 1tems of digital con-
tent are grouped based on a title ID, a source ID, and a date
(or a time range). For example, the items of digital content
may be aggregated into a group by grouping fields which
include the title 1d, source name and date_sk fields. This
allows for a smaller granularity grouping of the viral men-
tions. In certain example embodiments, instead of grouping,
data within each data source, the grouping could be applied
across data sources based on removing the source_ fame
from the grouping fields.

In some example embodiments, the analysis module 204
determines the sentiment of each digital content 1tem 1n a
group using either a dictionary/rule-based system (e.g. Sen-
tiNet) or a machine learned classification system (where text
smuppets with manually labelled sentiment are used to train
a machine learning module and apply the knowledge to a
new text snippet to predict the sentiment), and classifies the
digital content 1tem as positive, neutral, or negative. The
sentiment of a digital content 1tem may be represented (e.g.,
visually, graphically, textually, etc.) 1in the user interface in
association with a reference to (e.g., an identifier of) the
respective digital content item.
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Further details with respect to the method operations of
the method 300 are described below with respect to FIGS.
4-8.

As shown 1n FIG. 4, the method 300 may include opera-
tion 402, according to some example embodiments. Opera-
tion 402 may be performed as part (e.g., a precursor task, a
subroutine, or a portion) of operation 306 of FIG. 3, 1n which
the group generating module 206 generates a group of 1tems
of digital content based on the extracted titles associated
with the plurality of items of digital content.

At operation 402, the group generating module 206 gen-
crates a thread of items of digital content based on the
plurality of items of digital contents. The thread includes a
time-based series of the items of digital content.

As shown 1n FIG. 3, the method 300 may include opera-
tion 502, 504, or 506, according to some example embodi-
ments. Operation 502 may be performed aiter operation 312
of FIG. 4, 1n which the presentation module 208 generates
an enhanced user interface on a client device.

At operation 502, the accessing module 202 receives a
sort request from the client device. The sort request includes
a data attribute pertaining to the items of digital content
included 1n the thread. Example data attributes are a time
(e.g., as represented by a timestamp) an item of digital
content was created (e.g., posted, published, etc.), an 1den-
tifier (e.g., a name) of an author of the 1tem of digital content,
etc.

At operation 504, the analysis module 204 sorts the thread
of items of digital content based on the data attribute
included in the sort request. The sorting results 1n a sorted
thread of 1tems of digital content.

In some example embodiments, the data attribute 1s a time
identifier, and the sorting of the thread of items of digital
content based on the data attribute includes sorting the
thread of items of digital content based on timestamps
associated with the 1tems of digital content. The timestamps
associated with the items of digital content represent values
that the time identifier may take. In various example
embodiments, the original 1item of digital content 1s listed
first 1n the sorted thread.

In certain example embodiments, the time 1dentifier 1s a
time range, and the sorting of the thread of items of digital
content based on the data attribute includes sorting the
thread of 1tems of digital content based on timestamps
associated with the items of digital content, and the time
range.

At operation 506, the presentation module 208 modifies
the enhanced user interface. The modifying includes causing
a display of the sorted thread of items of digital content 1n
the user interface of the client device.

As shown 1 FIG. 6, the method 300 may include opera-
tion 602, 604, 606, or 608, according to some example
embodiments. Operation 602 may be performed after opera-
tion 308 of FIG. 3, in which the analysis module 204
identifies, from the group of items of digital content, an
original 1tem of digital content and one or more subsequent
items of digital content based on timestamps associated with
the 1tems of digital content included 1n the group.

At operation 602, the tagging module 210 tags the original
digital content 1tem with a first flag 1n the database record.

At operation 604, the tagging module 210 tags each of the
one or more subsequent items of digital content with a
second flag in the database record.

Operation 606 1s performed as part (e.g., a precursor task,
a subroutine, or a portion) of operation 312, 1n which the
presentation module 208 generates an enhanced user inter-
face on a client device. At operation 606, the presentation
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module 208 1dentifies, from the database record, one or more
items of digital content tagged with the first flag.

Operation 608 1s performed as part (e.g., a precursor task,
a subroutine, or a portion) of operation 312, after operation
606. At operation 608, the presentation module 208 modifies
the enhanced user interface. The modifying includes causing
a display of one or more titles associated with one or more
groups of 1tems of digital content, and (e.g., together with)
corresponding strength values associated with one or more
original items of digital content included 1n the one or more
groups, including the title that describes the group of items
of digital content, and the strength value associated with the
original item of digital content 1n the user interface of the
client device.

As shown 1n FIG. 7, the method 300 may include opera-
tions 702, 704, or 706, according to some example embodi-
ments. Operation 702 may be performed aiter operation 306
of FIG. 3, mm which the group generating module 206
generates a group ol 1items of digital content based on the
extracted titles associated with the plurality of items of
digital content.

At operation 702, the accessing module 202 accesses,
from a database record, enriched source data that pertains to
sources (e.g., authors, companies or organizations repre-
sented by the authors, etc.) of the plurality of items of digital
content. In some example embodiments, the enriched digital
content data includes at least one of member profile data
associated with one or more members of a social networking
service, sentiment analysis data associated with one or more
items of digital content included in the group, product
classification data, followers data, content type data,
whitelist data, or blacklist data.

At operation 704, the analysis module 204 performs a join
operation on data pertaining to one or more items of digital
content included 1n the group of items of digital content, and
enriched source data. The performing of the join operation
results 1n enriched digital content data.

In certain example embodiments, the analysis module 204
performs a left outer join operation between the enriched
source data with the data representing the original 1item of
content. During the join operation processing, the analysis
module 204, for each 1tem of content in the group, generates
a column called viral_flag based on the document_id for the
particular 1tem of content. The viral_flag uses the value of
“1” to indicate the data records for the original item of
content, and a value of “0” to indicate the subsequent (e.g.,
threaded) i1tems of content within the same group.

In some example embodiments, the enriched source data
may be utilized, by the analysis module 204, in further
analysis, such as determiming which members tend to pro-
duce viral mention content, or which regions produce viral
mention content. The viral analytics system 200 may gen-
erate and cause the display, 1n a user interface of a client
device, of a digital viral map that indicates where the certain
regions active in generating viral mentions are, or where
different regions are associated with the most popular
topic(s) 1n that region. The digital viral map may be inter-
active when displayed in a user interface of a client device
of a user. The viral analytics system 200 may allow the user
to select (e.g., click on) an 1dentifier of an original content
item via the interactive digital viral map, and, based on the
selection received from a client device of the user, may
cause a display of data about the content creator (e.g., how
many viral mentions this creator generated before, how
many of his content 1tems went viral, etc.).

Operation 706 1s performed as part (e.g., a precursor task,
a subroutine, or a portion) of operation 312, in which the
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presentation module 208 generates an enhanced user inter-
face on a client device. At operation 706, the presentation
module 208 causes the display of additional data associated
with the oniginal 1tem of digital content based on the
enriched digital content data.

As shown in FIG. 8A, the method 300 may include
operation 802, according to some example embodiments.
Operation 802 may be performed after operation 304 of FIG.
3, in which the analysis module 204, for each particular 1tem
of digital content i1n the plurality of the items of digital
content, extracts a title that describes the particular item of
digital content.

At operation 802, the analysis module 204 extracts a topic
that describes one or more 1tems of digital content of the
plurality of items of digital content based on analysis of the
one or more items ol digital content using a cube topic
technique.

Step 1. Topic Extraction

In some example embodiments, topics are extracted from
the content of social media and internal text content using
regular expression matching based on POS tag, using unsu-
pervised clustering algorithms, such as the WA algorithm, or
with a tool such as the Stanford Topic Modeling Toolbox.
The ordered topic set (OTS) may be defined as the ordered
set for the topics of the content and the order could be
customized based on certain mechanism such as the alphabet
order of topics or the relevance score of topics. The topic
field 1s a bag of topics. For example, the following two
document could generate the following topics:

d1=> (doc_id: d1; topic: {t1, t2, t3}), and
d2 => (doc_id: d2; topic: [t1, t3, t5}).

Step 2. Cube Topic Generating

For an ordered topic set, a cube topic set (CBS) 1s a power
set for the ordered topic set. For example, if the ordered
topic set is {t1,t2,t3}, the cube topic set is {{ }, {t1}, {t2,},
3}, {1112}, {t1,13}, {12,63}, {t1,t2,t3}}.

A set 1n the ordered topic set 1s called a cube topic, such
as {11, t2}. A lower bound and an upper bound are defined
for the length of a cube topic when emitting a cube topic
from a cube topic set for the viral mention topic. This 1s
because there are too many mentions for one small cube
topic, and too few mentions for a very large cube topic. Also,
other filter conditions, such as a relevance score, could be
applied to filter the cube topic.

For example, 1f the lower limit 1s defined as “2” and the
upper limit 1s defined as “3,” then

(doc_id: d1; topic: {t1, t2, t3}) => (doc_id: d1; cube_topic: {(t1, t2), (t1,

t3), (t2, t3), (t1, t2, t3)}), and (doc_id: d2; topic: {t1, t3, t5}) => (doc_id:
d2; cube_topic: {(tl, t3), (t1, t5), (t3, t5), (t1, t3, t5)}).

FIG. 8B 1s a diagram 1llustrating a graph which shows the
cube topic in layered structure, according to some example
embodiments.

Step 3. Expanding Records Based on Cube Topic

For each record, the system expands the record into
multiple records for each cube topic. For example, for the
records in the above example, the system generates the
following data.
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(doc_id: d1; cube_topic: {t1, t2}, {t1, t3}, {t2, t3}, {t1, t2, t3}) => e ~ a4 _
(doc_id: d1; cube_topic: {t1, t2}), (doc_id: d1; topic: t1, t2, t3) => (doc_id: d1; topic_map:
(doc_id: d1; cube_topic: {t1, t3}), [<(t1, t2, t3)#(d1)>]), and
(doc_id: d1; cube_topic: {t2, t3}), ot g e B ot gm s _
(doc_id: d1: cube topic: {t1, 12, t3}), 5 (doc_id: d2; topic: {t1, t3, t5}) => (doc_id: d2; topic_map:
(doc_id: d2; cube_topic: {{t1, t3}, {tl, t5}, {t3, t5}, {t1, t3, t5}}) => [<(t1, t3, t5)#d2>]).
(doc_id: d2; cube_topic: {t1, t3}),
(doc_id: d2; cube_topic: {t1, t5}),
(doc_id: d2; cube_topic: {t3, t5}), _ . _
(doc_id: d2; cube_topic: {t1, t3, t5}). Step 5. Aggregating and Merging Topic Map
10
Further steps could continue to use step 2 (e.g., generating The system applies aggregation based on the field topic
the cube topic) for further id generation and grouping. map to generate the viral mention topics. The algorithm
Step 4. Optimization for Compressing Cube Topic with generates the intersected cube topic with the union of
Map 15 corresponding documents from the two maps and then
In some instances, there are too many cube topics for a merges 1t mto the final map. For performance optimization,
document. A further optimization scheme may be imple- the small map could be broadcasted for the merging. The
mented by the system for saving storage space and improv- algorithm of map aggregation and merging listed below 1s

ing performance of the system.

using java language style:

public Map < Set < String > , Set < String >> mergeMapTopic(Map < Set < String
>, Set < String >> mapl, Map < Set < String >, Set < String >> map2) {
Map < Set < String > , Set < String >> result = new HashMap < Set < String >,
Set < String >> ( );
for (Map.Entry < Set < String >, Set < String >> entryl: mapl.entrySet( )) {
for (Map.Entry < Set < String > , Set < String >> entry2: map2.entrySet( )) {
//get intersected cube topic from entry in mapl and entry in map2
Set < String > inertsectedCubeTopic = setlntersect(entryl.getKey( ),
entry2.getKey( ));
if (inertsectedCubeTopic.size( ) > 0) {
//get union of corresponding documents
Set < String > unionDocument = setUnion(entryl.getValue( ), entry2.getValue( ));
//merge the intersected cube topic into the final result
merge Topic(inertsectedCubeTopic, unionDocument, result);
h
//merge entry(cube topic) from mapl into the final result
mergeTopic(entryl.getKey( ), entryl.getValue( ), result);
//merge entry(cube topic) from map?2 into the final result
mergeTopic(entry2.getKey( ), entry2.getValue( ), result);

t
f
return result;
f
public Set < String > setUnion(Set < String > a, Set < String > b) {
Set < String > s = new HashSet < String > ( );
s.addAll(a);
s.addAll(b);

refurn s;

h

public Set < String > setIntersect(Set < String > a, Set < String > b) {
Set < String > s = new HashSet < String > ( );
s.addAll(a);
s.retainAll(b);
return s;
h
public void mergeTopic(Set < String > topic, Set < String > document, Map < Set <
String > , Set < String >> result) {
if (!result.containsKey(topic)) {
result.put(topic, document);

I else {
result.put(topic, union{document, result.get(topic)));
h

L

For example, here 1s the data example:

(doc_id: d1; topic_map: [<(tl, t2, t3)#(d1)>])

+

(doc_id: d2; topic_map: [<(tl, t3, t5)#(d2)>])

==

(topic_merge: [<(tl, t2, t3)#(d1)>, <(tl, t3, t3)>#(d2)>, <(tl, t3)>#(d1, d2)>])

For step 2, the system generates a map-to-map field in Step 6. Merging Optimization with Augmented Interval
order to map the topic to the document. The key 1n the Tree
key-value pair of the map 1s the ordered set of topics, and the 65  In order to reduce the number of set intersection for cube
value 1n the key-value pair 1s the ordered set of documents. topic, the augmented interval tree could be further adopted.

For example:

The cube topic generates an 1nterval with the minimal topic
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and the maximum topic based on certain order of the topic
such as an alphabetic order. For example, a cube topic (11,
t3, t5) generates an interval [t1,t3], and (17, t8, t10) will
generate an interval [t7, t10]. The interval tree of the topic
1s a binary search tree which 1s built based on the order of
mimmum topic value from the topic interval. The node of
the interval tree also includes an extra annotation of the
maximum topic value of the topic intervals for the subtree of
the node besides the interval of minimal topic and maximum
topic. With the interval tree, since the [t1, t5] does not join
with [t7, t10], it reduces the overhead of trying to join cube
topic (t1,t3,t5) with cube topic (17, t8, t10) without going
through some branches in the interval tree.

In some example embodiments, the functionalities of the
viral analytics system could be applied not only to social
media data, but also to internal data of an organization (e.g.,
feedback and comments). The functionalities of the viral
analytics system could also be applied to security networks.
The viral analytics system can formulate a software or a
virus or a malware or an phone application to be a system
call or permission behavior based content, where the system
call or permission behavior 1s analogous to the topic. The
viral analytics system can be used to detect viruses or
malware 1n mobile (e.g., Android) applications (also
“apps”’). Viruses or malware usually make system calls (at
low system level) that generate permission behaviors which
are analogous to the topic spreading behavior. Such permis-
s1on behaviors can be analyzed by the viral analytics system.
For example, some sequence of system call of application or
permission behavior of an android application 1s analogous
to a cube topic. The viral mention analysis may be used to
perform behavior analysis for malware in order to figure out
the frequently used common patterns of malware which
could be further used as a signature for malware detection
with fast signature matching.

In various example embodiments, the wviral analytics
system collects comments, likes of the content, and 1denti-
fiers of followers of the authors in order to be utilized as a
weilght factor for a viral mention score. The formula of a
viral score of the content 1s listed below:

ViralScore,=a,;, xMentionScore +a,>xInflunceScore;

where o.;; and a,, are the percentage score hick could be
adjusted based on different focus to either MentionScore or
a InflunceScore

The formula for MentionScore, 1s:

M
Z CHbETGPij X B

J=1

MentionScore; =
M

where the CubeTopic, 1s the score tor the cube topic that 1s
mentioned 1n the content. It 1s the number of documents that
contains the cube topic. The [, 1s the similarity score
between the cube topic and the predefined whitelist key-
words. The formula for InfluenceScore;:

v X InfluenceFactor,

-

/=1

{ Score. =
nfluenceScore ¥

where the Influencelactor; 1s any component that 1s contrib-
uted to the impact of intluencing the viral mention, such as
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number of comments, number of favorites, number of likes,
or the number followers of the post author, etc. The y; 1s the
percentage score for each influence factor.

In certain example embodiments, based on existing viral
mention data and the ViralScore for each item of digital
content, the viral analytics system can build machine learn-
ing models to predict the probability of viral mentions of a
future content.

Modules, Components and Logic

Certain embodiments are described herein as including
logic or a number of components, modules, or mechanisms.
Modules may constitute either software modules (e.g., code
embodied (1) on a non-transitory machine-readable medium
or (2) 1n a transmission signal) or hardware-implemented
modules. A hardware-implemented module 1s a tangible unit
capable of performing certain operations and may be con-
figured or arranged 1n a certain manner. In example embodi-
ments, one or more computer systems (e.g., a standalone,
client or server computer system) or one or more processors
may be configured by software (e.g., an application or
application portion) as a hardware-implemented module that
operates to perform certain operations as described herein.

In various embodiments, a hardware-implemented mod-
ule may be implemented mechanically or electronically. For
example, a hardware-implemented module may comprise
dedicated circuitry or logic that 1s permanently configured
(e.g., as a special-purpose processor, such as a field pro-
grammable gate array (FPGA) or an application-specific
integrated circuit (ASIC)) to perform certain operations. A
hardware-implemented module may also comprise program-
mable logic or circuitry (e.g., as encompassed within a
general-purpose processor or other programmable proces-
sor) that 1s temporanly configured by software to perform
certain operations. It will be appreciated that the decision to
implement a hardware-implemented module mechanically,
in dedicated and permanently configured circuitry, or in
temporarily configured circuitry (e.g., configured by soft-
ware) may be driven by cost and time considerations.

Accordingly, the term “hardware-implemented module™
should be understood to encompass a tangible entity, be that
an enfity that 1s physically constructed, permanently con-
figured (e.g., hardwired) or temporarily or transitorily con-
figured (e.g., programmed) to operate in a certain manner
and/or to perform certain operations described herein. Con-
sidering embodiments in which hardware-implemented
modules are temporarily configured (e.g., programmed),
cach of the hardware-implemented modules need not be
configured or instantiated at any one instance in time. For
example, where the hardware-implemented modules com-
prise a general-purpose processor configured using solftware,
the general-purpose processor may be configured as respec-
tive different hardware-implemented modules at different
times. Software may accordingly configure a processor, for
example, to constitute a particular hardware-implemented
module at one instance of time and to constitute a diflerent
hardware-implemented module at a different instance of
time.

Hardware-implemented modules can provide information
to, and receive information from, other hardware-imple-
mented modules. Accordingly, the described hardware-
implemented modules may be regarded as being communi-
catively coupled. Where multiple of such hardware-
implemented  modules exi1st contemporaneously,
communications may be achieved through signal transmis-
sion (€.g., over appropriate circuits and buses that connect
the hardware-implemented modules). In embodiments in
which multiple hardware-implemented modules are config-
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ured or instantiated at different times, communications
between such hardware-implemented modules may be
achieved, for example, through the storage and retrieval of
information 1 memory structures to which the multiple
hardware-implemented modules have access. For example,
one hardware-implemented module may perform an opera-
tion, and store the output of that operation in a memory
device to which it 1s communicatively coupled. A further
hardware-implemented module may then, at a later time,
access the memory device to retrieve and process the stored
output. Hardware-implemented modules may also 1nitiate
communications with iput or output devices, and can
operate on a resource (e.g., a collection of information).

The various operations of example methods described
herein may be performed, at least partially, by one or more
processors that are temporarily configured (e.g., by soft-
ware) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured,
such processors may constitute processor-implemented
modules that operate to perform one or more operations or
functions. The modules referred to herein may, 1 some
example embodiments, comprise processor-implemented
modules.

Similarly, the methods described herein may be at least
partially processor-implemented. For example, at least some
of the operations of a method may be performed by one or
more processors or processor-implemented modules. The
performance of certain of the operations may be distributed
among the one or more processors or processor-imple-
mented modules, not only residing within a single machine,
but deployed across a number of machines. In some example
embodiments, the one or more processors or Processor-
implemented modules may be located in a single location
(e.g., within a home environment, an oflice environment or
as a server farm), while in other embodiments the one or
more processors or processor-implemented modules may be
distributed across a number of locations.

The one or more processors may also operate to support
performance of the relevant operations in a “cloud comput-
ing”~” environment or as a “software as a service” (SaaS). For
example, at least some of the operations may be performed
by a group of computers (as examples of machines including
processors), these operations being accessible via a network
(¢.g., the Internet) and via one or more appropriate interfaces
(e.g., application program interfaces (APIs).)

Electronic Apparatus and System

Example embodiments may be implemented in digital
clectronic circuitry, or 1 computer hardware, firmware,
soltware, or in combinations of them. Example embodi-
ments may be implemented using a computer program
product, e.g., a computer program tangibly embodied 1n an
information carrier, €.g., in a machine-readable medium for
execution by, or to control the operation of, data processing
apparatus, €.g., a programmable processor, a computer, or
multiple computers.

A computer program can be written 1 any form of
programming language, including compiled or interpreted
languages, and 1t can be deployed 1n any form, including as
a stand-alone program or as a module, subroutine, or other
unit suitable for use 1n a computing environment. A com-
puter program can be deployed to be executed on one
computer or on multiple computers at one site or distributed
across multiple sites and interconnected by a communication
network.

In example embodiments, operations may be performed
by one or more programmable processors executing a com-
puter program to perform functions by operating on input
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data and generating output. Method operations can also be
performed by, and apparatus of example embodiments may
be implemented as, special purpose logic circuitry, e.g., a
field programmable gate array (FPGA) or an application-
specific itegrated circuit (ASIC).

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other. In embodiments
deploying a programmable computing system, 1t will be
appreciated that that both hardware and software architec-
tures require consideration. Specifically, 1t will be appreci-
ated that the choice of whether to implement certain func-
tionality 1n permanently configured hardware (e.g., an
ASIC), 1 temporarily configured hardware (e.g., a combi-
nation of software and a programmable processor), or a
combination of permanently and temporarily configured
hardware may be a design choice. Below are set out hard-
ware (e.g., machine) and software architectures that may be
deployed, in various example embodiments.

Example Machine Architecture and Machine-Readable
Medium

FIG. 9 1s a block diagram illustrating components of a
machine 900, according to some example embodiments,
able to read structions 924 from a machine-readable
medium 922 (e.g., a non-transitory machine-readable
medium, a machine-readable storage medium, a computer-
readable storage medium, or any suitable combination
thereol) and perform any one or more of the methodologies
discussed herein, 1n whole or in part. Specifically, FIG. 9
shows the machine 900 in the example form of a computer
system (e.g., a computer) within which the nstructions 924
(e.g., software, a program, an application, an applet, an app,
or other executable code) for causing the machine 900 to
perform any one or more of the methodologies discussed
herein may be executed, 1n whole or 1n part.

In alternative embodiments, the machine 900 operates as
a standalone device or may be connected (e.g., networked)
to other machines. In a networked deployment, the machine
900 may operate 1n the capacity of a server machine or a
client machine 1n a server-client network environment, or as
a peer machine 1n a distributed (e.g., peer-to-peer) network
environment. The machine 900 may be a server computer, a
client computer, a personal computer (PC), a tablet com-
puter, a laptop computer, a netbook, a cellular telephone, a
smartphone, a set-top box (STB), a personal digital assistant
(PDA), a web appliance, a network router, a network switch,
a network bridge, or any machine capable of executing the
instructions 924, sequentially or otherwise, that specily
actions to be taken by that machine. Further, while only a
single machine 1s 1llustrated, the term “machine” shall also
be taken to include any collection of machines that indi-
vidually or jointly execute the mstructions 924 to perform all
or part of any one or more of the methodologies discussed
herein.

The machine 900 includes a processor 902 (e.g., a central
processing unit (CPU), a graphics processing umt (GPU), a
digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a radio-frequency integrated circuit
(RFIC), or any suitable combination thereol), a main
memory 904, and a static memory 906, which are configured
to communicate with each other via a bus 908. The processor
902 may contain microcircuits that are configurable, tem-
porarily or permanently, by some or all of the mnstructions
924 such that the processor 902 1s configurable to perform
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any one or more of the methodologies described herein, 1n
whole or in part. For example, a set of one or more
microcircuits of the processor 902 may be configurable to
execute one or more modules (e.g., software modules)
described herein.

The machine 900 may further include a graphics display
910 (e.g., a plasma display panel (PDP), a light emitting
diode (LED) display, a liquid crystal display (LCD), a
projector, a cathode ray tube (CRT), or any other display
capable of displaying graphics or video). The machine 900
may also include an alphanumeric input device 912 (e.g., a
keyboard or keypad), a cursor control device 914 (e.g., a
mouse, a touchpad, a trackball, a joystick, a motion sensor,
an eye tracking device, or other pointing instrument), a
storage unit 916, an audio generation device 918 (e.g., a
sound card, an amplifier, a speaker, a headphone jack, or any
suitable combination thereof), and a network interface
device 920.

The storage unit 916 includes the machine-readable
medium 922 (e.g., a tangible and non-transitory machine-
readable storage medium) on which are stored the mnstruc-
tions 924 embodying any one or more of the methodologies
or functions described herein. The instructions 924 may also
reside, completely or at least partially, within the main
memory 904, within the processor 902 (e.g., within the
processor’s cache memory), or both, before or during execu-
tion thereof by the machine 900. Accordingly, the main
memory 904 and the processor 902 may be considered
machine-readable media (e.g., tangible and non-transitory
machine-readable media). The instructions 924 may be
transmitted or received over the network 926 via the net-
work 1nterface device 920. For example, the network inter-
face device 920 may commumcate the instructions 924
using any one or more transier protocols (e.g., hypertext
transier protocol (HTTP)).

In some example embodiments, the machine 900 may be
a portable computing device, such as a smart phone or tablet
computer, and have one or more additional mput compo-
nents 930 (e.g., sensors or gauges). Examples of such input
components 930 include an 1mage input component (e.g.,
one or more cameras), an audio mput component (e.g., a
microphone), a direction mput component (e.g., a compass),
a location mmput component (e.g., a global positioning sys-
tem (GPS) receiver), an orientation component (e.g., a
gyroscope), a motion detection component (e.g., one or
more accelerometers), an altitude detection component (e.g.,
an altimeter), and a gas detection component (e.g., a gas
sensor). Inputs harvested by any one or more of these input
components may be accessible and available for use by any
of the modules described herein.

As used herein, the term “memory” refers to a machine-
readable medium able to store data temporarily or perma-
nently and may be taken to include, but not be limited to,
random-access memory (RAM), read-only memory (ROM),
builer memory, tlash memory, and cache memory. While the
machine-readable medium 922 1s shown in an example
embodiment to be a single medium, the term “machine-
readable medium” should be taken to include a single
medium or multiple media a centralized or distributed
database, or associated caches and servers) able to store
instructions. The term “machine-readable medium™ shall
also be taken to include any medium, or combination of
multiple media, that 1s capable of storing the instructions
924 for execution by the machine 900, such that the mstruc-
tions 924, when executed by one or more processors of the
machine 900 (e.g., processor 902), cause the machine 900 to
perform any one or more of the methodologies described
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herein, 1n whole or 1n part. Accordingly, a “machine-read-
able medium” refers to a single storage apparatus or device,
as well as cloud-based storage systems or storage networks
that include multiple storage apparatus or devices. The term
“machine-readable medium” shall accordingly be taken to
include, but not be limited to, one or more tangible (e.g.,
non-transitory) data repositories in the form of a solid-state
memory, an optical medium, a magnetic medium, or any
suitable combination thereof.

Throughout this specification, plural instances may imple-
ment components, operations, or structures described as a
single instance. Although individual operations of one or
more methods are illustrated and described as separate
operations, one or more of the individual operations may be
performed concurrently, and nothing requires that the opera-
tions be performed 1n the order illustrated. Structures and
functionality presented as separate components 1n example
configurations may be implemented as a combined structure
or component. Similarly, structures and functionality pre-
sented as a single component may be implemented as
separate components. These and other variations, modifica-
tions, additions, and improvements fall within the scope of
the subject matter herein.

Certain embodiments are described herein as including
logic or a number of components, modules, or mechanisms.
Modules may constitute software modules (e.g., code stored
or otherwise embodied on a machine-readable medium or 1n
a transmission medium), hardware modules, or any suitable
combination thereof. A “hardware module” 1s a tangible
(e.g., non-transitory) unit capable of performing certain
operations and may be configured or arranged 1n a certain
physical manner. In various example embodiments, one or
more computer systems (e.g., a standalone computer system,
a client computer system, or a server computer system) or
one or more hardware modules of a computer system (e.g.,
a processor or a group of processors) may be configured by
soltware (e.g., an application or application portion) as a
hardware module that operates to perform certain operations
as described herein.

In some embodiments, a hardware module may be imple-
mented mechanically, electronically, or any suitable combi-
nation thereof. For example, a hardware module may
include dedicated circuitry or logic that 1s permanently
configured to perform certain operations. For example, a
hardware module may be a special-purpose processor, such
as a lield programmable gate array (FPGA) or an ASIC. A
hardware module may also include programmable logic or
circuitry that 1s temporarily configured by software to per-
form certain operations. For example, a hardware module
may include software encompassed within a general-pur-
pose processor or other programmable processor. It will be
appreciated that the decision to implement a hardware
module mechanically, 1n dedicated and permanently config-
ured circuitry, or in temporarily configured circuitry (e.g.,
configured by software) may be driven by cost and time
considerations.

Accordingly, the phrase “hardware module” should be
understood to encompass a tangible entity, and such a
tangible entity may be physically constructed, permanently
configured (e.g., hardwired), or temporarily configured (e.g.,
programmed) to operate 1n a certain manner or to perform
certain operations described herein. As used herein, “hard-
ware-implemented module” refers to a hardware module.
Considering embodiments 1n which hardware modules are
temporarily configured (e.g., programmed), each of the
hardware modules need not be configured or instantiated at
any one instance in time. For example, where a hardware
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module comprises a general-purpose processor configured
by software to become a special-purpose processor, the
general-purpose processor may be configured as respec-
tively different special-purpose processors (€.g., comprising,
different hardware modules) at different times. Software
(e.g., a soltware module) may accordingly configure one or
more processors, for example, to constitute a particular
hardware module at one 1nstance of time and to constitute a
different hardware module at a different 1nstance of time.

Hardware modules can provide information to, and
recelve information from, other hardware modules. Accord-
ingly, the described hardware modules may be regarded as
being communicatively coupled. Where multiple hardware
modules exist contemporaneously, communications may be
achieved through signal transmission (e.g., over appropriate
circuits and buses) between or among two or more of the
hardware modules. In embodiments 1n which multiple hard-
ware modules are configured or instantiated at diflerent
times, communications between such hardware modules
may be achieved, for example, through the storage and
retrieval of information 1 memory structures to which the
multiple hardware modules have access. For example, one
hardware module may perform an operation and store the
output of that operation in a memory device to which it 1s
communicatively coupled. A further hardware module may
then, at a later time, access the memory device to retrieve
and process the stored output. Hardware modules may also
initiate communications with mput or output devices, and
can operate on a resource (e.g., a collection of information).

The performance of certain operations may be distributed
among the one or more processors, not only residing within
a single machine, but deployed across a number of
machines. In some example embodiments, the one or more
processors or processor-implemented modules may be
located 1n a single geographic location (e.g., within a home
environment, an oflice environment, or a server farm). In
other example embodiments, the one or more processors or
processor-implemented modules may be distributed across a
number of geographic locations.

Some portions of the subject matter discussed herein may
be presented 1in terms of algorithms or symbolic represen-
tations of operations on data stored as bits or binary digital
signals within a machine memory (e.g., a computer
memory). Such algorithms or symbolic representations are
examples of techniques used by those of ordinary skill 1n the
data processing arts to convey the substance of their work to
others skilled in the art. As used herein, an “algorithm™ 1s a
seli-consistent sequence of operations or similar processing
leading to a desired result. In this context, algorithms and
operations 1volve physical manipulation of physical quan-
tities. Typically, but not necessarily, such quantities may
take the form of electrical, magnetic, or optical signals
capable of being stored, accessed, transferred, combined,
compared, or otherwise manipulated by a machine. It 1s
convenient at times, principally for reasons of common
usage, to refer to such signals using words such as “data,”
“content,” “bits,” “values,” “elements,” “symbols,” “char-
acters,” “terms,” “numbers,” “numerals,” or the like. These
words, however, are merely convenient labels and are to be
associated with appropriate physical quantities.

Unless specifically stated otherwise, discussions herein
using words such as “processing,” “computing,” “calculat-
ing,” “determining,” “presenting,” “displaying,” or the like
may refer to actions or processes of a machine (e.g., a
computer) that manipulates or transtforms data represented
as physical (e.g., electronic, magnetic, or optical) quantities
within one or more memories (e.g., volatile memory, non-
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volatile memory, or any suitable combination thereot), reg-
isters, or other machine components that receive, store,
transmit, or display information. Furthermore, unless spe-
cifically stated otherwise, the terms “a” or “an” are herein
used, as 1s common 1n patent documents, to include one or
more than one instance. Finally, as used herein, the con-
junction “or’” refers to a non-exclusive “or,” unless specifi-

cally stated otherwise.

What 1s claimed 1s:
1. A method comprising:
accessing, from a database record that stores digital
content, a plurality of items of digital content;
for each particular 1tem of digital content 1n the plurality
of the items of digital content, extracting, using one or
more hardware processors, a title that describes the
particular item of digital content, the extracting of the
title being based on analysis of one or more phrases
included 1n the particular item of digital content;
generating a group of items of digital content based on the
extracted titles associated with the plurality of 1items of
digital content;
identitying, from the group of items of digital content, an
original 1tem of digital content and one or more sub-
sequent 1tems of digital content based on timestamps
associated with the 1items of digital content included 1n
the group:;
labelling all items 1n the group of items of digital content
having timestamps later than a timestamp of the origi-
nal 1item as subsequent i1tems;
calculating a strength value score for the original item of
digital content, wherein the strength value score 1is
equal to a number of the one or more subsequent 1tems
of digital content included in the group; and
generating an enhanced user mterface on a client device,
the generating of the user interface including causing a
display of the title of the original item of digital content
and the strength value score associated with the original
item of digital content in the user interface of the client
device.
2. The method of claim 1, wherein the generating of the
group of 1tems of digital content 1ncludes:
generating a thread of items of digital content based on the
plurality of 1tems of digital contents, the thread includ-
ing a time-based series of the items of digital content.
3. The method of claim 2, further comprising:
recerving a sort request from the client device, the sort
request including a data attribute pertaining to the items
of digital content included 1n the thread;
sorting the thread of items of digital content based on the
data attribute included in the sort request, the sorting
resulting 1n a sorted thread of items of digital content;
and
modifying the enhanced user interface, the modifying
including causing a display of the sorted thread of items
of digital content 1n the user interface of the client
device.
4. The method of claim 3, wherein the data attribute 1s a
time 1dentifier, and
wherein the sorting of the thread of items of digital
content based on the data attribute includes sorting the
thread of items of digital content based on timestamps
associated with the items of digital content.
5. The method of claim 4, wherein the original 1item of
digital content 1s listed first in the sorted thread.
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6. The method of claim 4, wherein the time 1dentifier 1s a
time range, and

wherein the sorting of the thread of items of digital

content based on the data attribute includes sorting the
thread of 1tems of digital content based on timestamps
associated with the items of digital content, and the
time range.

7. The method of claim 1, further comprising:

receiving a query related to the group of items of digital

content from the client device;
performing a search of the items of digital content
included 1n the group based on the query, the perform-
ing of the search resulting 1n search results; and

modilying the enhanced user interface, the modilying
including causing a display of the search results 1n the
user interface of the client device.

8. The method of claim 1, wherein the one or more
subsequent 1tems ol digital content are viral mentions of the
original item of digital content.

9. The method of claim 1, further comprising:

tagging the original digital content 1tem with a first flag 1n

the database record; and

tagging each of the one or more subsequent items of

digital content with a second flag in the database
record.,

wherein the generating of the enhanced user interface on

the client device includes:

identifying, from the database record, one or more 1tems

of digital content tagged with the first flag; and
modilying the enhanced user interface, the modilying
including causing a display of one or more ftitles
associated with one or more groups of 1tems of digital
content, and corresponding strength value scores for
one or more original items of digital content included
in the one or more groups, including the title that
describes the group of items of digital content, and the
strength value score for with the original item of digital
content 1n the user interface of the client device.
10. The method of claim 1, further comprising:
receiving, from the client device, a sort request to sort the
one or more titles based on the corresponding strength
value scores for the one or more original i1tems of
digital content included i1n the one or more groups;

sorting the one or more titles based on the corresponding
strength value scores, the sorting of the one or more
titles resulting 1n a sorted list of titles; and

modilying the enhanced user interface, the modilying
including causing a display of the sorted list of titles
and the corresponding strength value scores for the one
or more original items of digital content included 1n the
One or more groups.

11. The method of claim 1, further comprising:

generating, based on the titles associated with the plural-

ity of items of digital content, title identifiers for the
plurality of items of digital content,

wherein the generating of the group of items of digital

content based on the titles associated with the plurality
of 1tems of digital content includes:

generating the group of 1tems of digital content based on

the title 1dentifiers for the plurality of items of digital
content.

12. The method of claim 11, wherein the generating of the
group of 1tems of digital content 1s further based on at least
one of a source 1dentifier of a source of one or more 1tems
of digital content, or a time 1dentifier associated with the one
or more 1tems of digital content.
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13. The method of claim 1, further comprising;:

accessing, from a database record, enriched source data

that pertains to sources of the plurality of items of
digital content; and

performing a join operation on data pertaining to one or

more 1tems of digital content included 1n the group of
items of digital content, and enriched source data, the
performing of the join operation resulting 1n enriched
digital content data,

wherein the generating of the enhanced user interface

includes causing the display of additional data associ-
ated with the original 1tem of digital content based on
the enriched digital content data.

14. The method of claim 13, wherein the enriched digital
content data includes at least one of member profile data
associated with one or more members of a social networking
service, sentiment analysis data associated with one or more
items of digital content included in the group, product
classification data, followers data, content type data,
whitelist data, or blacklist data.

15. The method of claim 1, further comprising:

extracting a topic that describes one or more items of

digital content of the plurality of items of digital
content based on analysis of the one or more items of
digital content using a cube topic technique.

16. A system comprising:

one or more hardware processors; and

a machine-readable medium for storing instructions that,

when executed by the one or more hardware proces-
sors, cause the one or more hardware processors to
perform operations comprising:

accessing, from a database record that stores digital

content, a plurality of items of digital content;
for each particular 1tem of digital content 1n the plurality
of the items of digital content, extracting, using one or
more hardware processors, a title that describes the
particular item of digital content, the extracting of the
title being based on analysis of one or more phrases
included in the particular item of digital content;

generating a group of items of digital content based on the
extracted titles associated with the plurality of 1tems of
digital content;

identitying, from the group of items of digital content, an

original 1tem of digital content and one or more sub-
sequent 1tems of digital content based on timestamps
associated with the 1items of digital content included 1n
the group;

labelling all items 1n the group of items of digital content

having timestamps later than a timestamp of the origi-
nal 1tem as subsequent items;
calculating a strength value score for the original item of
digital content, wherein the strength value score 1is
equal to a number of the one or more subsequent 1tems
of digital content included in the group; and

generating an enhanced user interface on a client device,
the generating of the user interface including causing a
display of the title of the original item of digital content
and the strength value score associated with the original
item of digital content 1n the user interface of the client
device.

17. The system of claim 16, wherein the operations further
comprise:

tagging the original digital content item with a first flag 1n

the database record; and

tagging each of the one or more subsequent items of

digital content with a second flag in the database
record,
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wherein the generating of the enhanced user interface on

the client device includes:

identifying, from the database record, one or more 1tems

of digital content tagged with the first flag; and
modilying the enhanced user interface, the modilying
including causing a display of one or more titles
associated with one or more groups of 1tems of digital
content, and corresponding strength value scores for
one or more original items of digital content included
in the one or more groups, including the title that
describes the group of items of digital content, and the
strength value score for the original item of digital
content 1n the user interface of the client device.

18. The system of claim 16, wherein the operations further
comprise:

generating, based on the titles associated with the plural-

ity of items of digital content, title 1dentifiers for the
plurality of 1tems of digital content,

wherein the generating of the group of items of digital

content based on the titles associated with the plurality
of 1tems of digital content includes:

generating the group of 1tems of digital content based on

the title 1dentifiers for the plurality of items of digital
content.

19. A non-transitory machine-readable storage medium
comprising nstructions that, when executed by one or more
hardware processors of a machine, cause the one or more
hardware processors to perform operations comprising;

accessing, from a database record that stores digital

content, a plurality of items of digital content;
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for each particular item of digital content in the plurality
of the items of digital content, extracting, using one or
more hardware processors, a title that describes the
particular 1tem of digital content, the extracting of the
title being based on analysis of one or more phrases
included in the particular 1tem of digital content;

generating a group of 1tems of digital content based on the
extracted titles associated with the plurality of 1tems of
digital content;

identifying, from the group of 1tems of digital content, an
original 1tem of digital content and one or more sub-
sequent 1tems of digital content based on timestamps
associated with the 1items of digital content included 1n
the group;

labelling all 1tems 1n the group of 1tems of digital content
having timestamps later than a timestamp of the origi-
nal 1tem as subsequent items;

calculating a strength value score for the original item of
digital content, wherein the strength value score 1s
equal to a number of the one or more subsequent items

of digital content included 1n the group; and

generating an enhanced user mterface on a client device,
the generating of the user interface including causing a
display of the title of the original item of digital content
and the strength value score associated with the original
item of digital content in the user interface of the client
device.
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